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ABSTRA:CT
 
The search for a well-designed desilting structure becomes very desirable 
due to the requirements of high efficiency and best economy in the planning 
of rapidly expanding program of the modern expressway construction. The 
study reported herewith covers a comprehensive review of literature related to 
various subjects of the investigation, an analytical study of a topic area 
~elected from the portion of the Congress Street Expressway at Chic~go) 
Illinois, a comparative stUdy of the conventional Itinlet ,box-catCh basin H 
system as designed for the topic area and the "Ln.l.et box-desilting chambe r " 
system as applied to the area, and other aspects concerning the hydraulic 
design of a desilting chamber. 
The results of this investigation reveal that for a rainfall having a
 
two-year design frequency; the desilting efficiency for the inlet box-catch
 
basin system amounts to less than 30% based on inlet grates having bars
 
parallel to the direction of the flow~ As it pertains to· the Congress Street
 
.. "proposed Improvemerrt J 'this would cause 70% or more of the silt to be carried 
into the main drain. For greater amounts of rainfall a larger percentage of 
silt would be carried to the main drain. In order to overcome this objection­
able feature due to the inefficiency of the catch basin design) two alternatives 
are suggested. The first alternative is to provide more than dopble the number 
of inlets and catch basins in. order to reduce the intensity of flow. The-second 
alternative is to suggest the construction of a desilting chamber.at each of 
selected low points in the highway grade line-in lieu of the numerous catch 
basins for a project such as the proposed Congress Street Expressway. For the 
first alternative method, the study shows that this is unsatisfactory from the 
viewpoints of economy and efficiency. For the second alternative method, 
further investigation on the comparison of efficiency and cost between the 
desilting chamber and the catch basin system is required. A possible kinetic 
sedimentation type structure utilizing the principle of a vortex-tube is 
developed and proposed for laboratory investigation. As this suggested 
structure requires additional investigation and research on both its design 
principle and its prototype and model tests, its description is included in 
appendix for the purpose of reference only. 
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drainage area in sq. ft.; surface area of the settling zone of a 
settling tank; or projected area of a particle. 
B ::: Shields f experimental constant for settling of particles in liquid.
 
c = runoff coefficient.
 
CD ~ drag coefficient.
 
D ::: diameter of pipe.
 
d ::: diameter of a sphere.
 
de. -;:= Cf'J'';,'ud de.t~. 
FD ::: drag force.
 
F ::: settling force.
 
s 
f. == Darcy-Weiabach friction factor. 
g == gravitational acceler.ation. 
H == depth of flow in ft.
 
I == rainfall intensity in in. per hr.
 
K grit size in terms of Tyler mesh number .
 
L == length of the .settling zone of a settling tank.
 
N' == L/W.
 
Q == discharge in cf's .
 
s specific gravity. 
T == detention time. 
v 
== velocity of flow in ft. per sec. 
V == critical velocity in ft. per sec.c 
V == horizontal through velocity.H 
Vo == settling velocity in ft. per sec. 
W == width of the settling zone of a settling tank. 
p absolute viscosity of fluid 
I' == mass density of particle. 
1'1 == mass density of fluid. 
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I. INTRODUCTION
 
1, 2Jgnificance of the Study 
The desilting structure considered in the highway drainage system is an 
element which is installed in the system for the purpose of removing objec­
tionable solid materials from flow before they reach the-main intercepting 
sewer, and, thus, to prevent silt deposits in sewers and avoid injury to pumping 
machinery. 
Due to the requirements of high efficiency and best economy in the planning 
of rapidly expanding program of the modern highway construction, the search for 
a well-designed desilting structure is very desirable. The need for such study 
for possible improvement of the~onventional type .of desilting structure, or 
catch basin, has become particularly apparent upon completion of the tests of 
the catch basin currently designed for use on the Congr'eas street Expressway 
in the City of Chicago. The tests were made at the Hydraulic Engineering 
Laboratory of the University of Illinois. They consisted ofa series of 1:2 
model tests of subsurface drainage facilities for a portion of the Congress 
Street Expressway. The results indicate that the conventional type of cat.cli 
basin will not operate effectively when inlet grates of modern design are used 
to intercept the water from the gutter. The parallel bar type of grate has a 
very high intercepting efficiency which increases the flow into the catch basin 
to such a degree that the desilting function -is destroyed or materially reduced 
by an excessive: volumeof:o_Tlow,. 
It was the suggestion of the Technical Advisory Committee of the Project 
2 
that exploratory studies on methods to be employed in desilting storm water be 
made and a preliminary report thereon be prepared. 
2. Objective of the Study 
This study was made to conform with the recommendation of the Technical 
Advisory Committee as stated above. The objective is to investigate the 
theoretical aspects of design, constructio~and'operation of a desilting 
system and structures and to utilize such knowledge gained by the investigation 
for exploring possibilities of improving certain subsurface drainage structures 
currently employed in the drainage of highways, particularly expressways, 
or q.eveloping a new type of desilting system and structures. 
This report presents the results of the study and terminates the recommended 
exploratory investigation. 
3. Scope of the Study 
This study covers the following major items: (1) A comprehensive review 
of literature related to sBbjects~of the investigation, (2) an analytical 
study of a topic area which is a portion of the westbound roadway of the Congress 
Street Expressway between South Laflin street and South Throop Street, (3) a 
~ 
comparative study of the conventional "Ln.Let box-catch basin11 system as designed 
for the topic area and the "LnLet box-desilting cnamber " system as applied to 
the area, (4) a study of the desilting chamber &nd the flow and particle size 
requirements for its hydraulic design, (5) an investigation o~ the intercepting 
sewer with respect to its hydraulic characteristics and particle carrying 
capacity, (6) an appraisal of the function of a sedimentation chamber and its 
design theories and methods, (7) the development of a possible kinetic-
Metz Reference Rco.i
 
University of IIJ.inol.:;
 
Bl06 NeEL
 
208 N. Romine street
 
Urbana, Illinois61~ 
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sedimentation type structure with the consideration of its critical design 
elements and the proposed laboratory investigation, and (8) recommendations 
for the prosecution of future studies required for the proposed type of structure. 
A survey of literature of the theory of sediment distribution was also made and 
a bibliography was prepared. 
4. Sources of Information for the Study 
Owing to the rare nature of the structure under study, a wealth of pertinent 
data is not available. However, the information which constitutes the background 
of this study was obtainable from various sources. Applicable existing 
information was found as follows: 
(1) Data for the Topic Area--This was obtained from the Department of 
Subways and Superhighways of the City of Chicago. A drawing showing the roadway 
plan and profile for the topic area was furnished by that Department. 
(2) Samples of Storm Sewer Sediments--These were collected in the Champaign­
Urbana area and along the Calumet Expressway in the City of Chicago. Size 
distributions of the samples were analyzed in the University Hydraulic Engineering 
Laboratory. 
(3) Existing Catch Basin Design--'There is a mass of material in 'the 
literature of this field dealing with the maintenance of ty~ical, standard type 
facilities. It is believed that the only available information relating to 
the desilting operation of catch basins is that obtained from the tests made 
at the U~iversity of Illinois as a part of the current cooperative research 
project. 
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(4) Sedimentation Chamber Design--This material is almost entirely in 
field of sanitary engineering. At almost every large sewage treatment 
plant the sa:nitary engineer is faced with the problem of removing the 
larger particles of grit, or detritus, before passing the flow to primary 
treatment tanks. The theory developed for grit chamber design was used for 
the study of sedimentation chamber design. 
(5) Bedload Removal Type Design--This type of design is intended 
principally for the removal of bedload in irrigation and delivery canals. 
Several devices have been developed for this purpose. The principles 
involved were investigated for the present study. 
All the most pertinent available literature and data have been collected 
and studied in an effort to develop a background theory and principle for the 
design of a satisfactory highway drainage desilting structure. 
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II. THE DRAINAGE SYSTEMS
 
6. The Topic Area 
The portion of the highway structure which provides for drainage of storm 
water that falls within the right-of-way area generally includes the following 
items: the roadway pavement, shoulder and side slopes, longitudinal ditches 
and gutters, inlet grates and boxes, desilting structures, manholes, collecting 
sewers, intercepting sewer, and outlet. These items combined in various ways 
of design constitute the drainage system of the highway. 
Owing to the fact that the Highway Drainage Research Project was originally 
established to study features of the. Congress Street Expressway in the City of 
Chicago and also because a study of the prototype will best be an aid in the 
preparation and comprehension of a typical design of the structure, a portion 
of the westbound roadway of the Congr'es sBt.r-eet Expressway between South Laflin 
Street and South Throop street was selected as the topic area for this study. 
This area centers on the South Loomis Street bridge over the expressway. It 
has the advantage that the section under consideration is typical of the major 
portion of the depressed roadway in so far as the total right-of-way, roadway 
and median strip development are concerned. The length of the drainage area at 
this particular location is one-quarter mile which distance is close to the 
maximum satisfactory length or the optimum, when considering only the undular 
profile portion of entire expressway developmen~. The Department of Subways 
and Superhighways of the City of Chicago furnished a rather complete set of 
drawings, showing typical roadway development, grades; cross sections, surface 
drainage plan and main intercepting sewer details for this portion of the roadway. 
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Figure 1 shows the roadway plan and profile for the topic area and Fig. 2 
shows the corresponding cross section", These figures were prepared from the 
Department of Subways and Superhighways Drawing Nos. CP 1208 and CP 1294. It 
should be noted that the depressed Expressway profile is a compromise between 
the minimum excavation and the required clearance beneath the cross-over bridges. 
The result of meeting these conflicting requirements is the undular profile, 
as shown, with summits between cross-over structures and a sag beneath the 
structure. The figure also shows that the roadway is symmetrical ~bout the 
centerline of the median strip (or the right-of-way reference line as originally 
indicated on the City of Chicago J Department of Sllbway~ and Superhighways Drawing 
No. CP 1230), except for the main intercepting sewer which occurs only adjacent 
to the northside, or westbound, roadway. Drainage from the south roadway is 
carried under the median strip to the intercepting sewer. 
As indicated on Fig. 1, the drainage design is based upon the use of inlet 
boxes discharging through a connecting sewer to a catch basin. The catch basins, 
located at close intervals, are intended to desilt both the flow supplied by the 
inlet boxes and the flow intercepted by the catch basin itself. The flow 
through the catch basin in turn discharges into a collecting sewer which conducts 
the flow to the drop manhole and the interceptor. 
7. Origination of the.?urface Runoff 
The sur-f'ace runoff within the right-of-way area of the highway originates 
from the five sub-areas A, B, C, D and E in Figs. 1 and 2. The description and 
the flow path for each of the sub-aFeas ,are as follows: 
(1) Sub-area A-·--This area is composed of the depressed highway 
cut slope which occurs between the back of the toe-of-slope gutter and the back 
of the access road curb. This area, as indicated on Fig. 2, is approximately 
66 feet wide. The exact width varies considerably along the length of the 
entire roadway. The flow path is do~n the turf cut slope and into the toe­
of-slope gutter. 
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(2) Sub-area B---This area, between the mountable pavement-edge gutter 
and the back of the-toe--of-slope-gut-ter, is approximately 12 feet wide. 
The surface of the area is' expected to bee-ither stabilized turf on a stone 
base or bit.umfnous paving. The rainfall intercepted on this area' is discharged 
into the toe-of-slope gutter. This area also serves as a channel for the water 
originating on sub-area C, which over-flows when the capacity of the mountable 
pavement edge gutter is exceeded. The toe-of-slope gutter conducts this flow 
to a catch basin for combined interception and desilting before it passes to 
the collecting sewer and main intercepting sewer. 
T3) Sub-area C---This area is composed of two concrete travel lanes,
 
each 12 feet -wide. Runoff which originates on the area flows to the pavement­

edge gutter.
 
That portion of the runoff which originates on this area up to the capacity 
of the edge of pavement-edge gutter is carried by this gutter to an inlet box. 
Runoff in the excess of the capacity of the pavement-edge gutter is passed over 
sub-area B and into the toe-of-slope gutter. The flow entering the inlet box 
discharges t.ovthe catch basin beneath the toe-of-sl,ope gutter for desilting 
before passing to the collecting sewer. It is noted that regardless of rate 
of runoff all flows which originate On sub-areas A and B pass through the toe­
of-slope gutter catch basin for desilting prior to the introduction of flow 
into the main intercepting sewer. 
(4) Sub-area D---Similar to sub-area C, this area is composed of two 
12-ft. wide travel lanes and a gutter. All flows originating on this sub-area 
a:re conducted to the inlet boxes located at frequent intervals beneath the gutter. 
From the inlet box the flow is carried in a sewer to a catch basin which also 
serves to collect and desilt water from an open ditch which is located parallel 
with and adjacent to the median strip. 
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(5) Sub-area E---This area is composed of the surface between the barrier
 
curb and the centerline of the median strip. The surface treatment consists of
 
turf except the trackage and ballast of the Chicago Rapid Transit.
 
It is noted that discharge originating on any of the five sub-areas is 
conducted through circular catch basins for desilting purposes. Flows originating 
on sub-areas A, B, and C pass through the toe-of-slope gutter catch basins, and 
those originating on sub-areas Dand E pass through the open ditch catch basins. 
In all cases the flows pass from catch basins to the collecting -sewers which 
convey the water to the main intercepting sewer. 
Function of the Catch Basin as Designed for the Topic Area 
The drainage £ystem of the topic area as shown in Fig. I involves the use 
of catch basin and inlet box. The catch basin ia intended to remove .from the 
flow all debris which would cause serious deposition in the main intercepting 
sewer. The ability of the catch basin to perform this function depends on the 
design of the particular basin. 
The operation of the catch basin used in the topic area has been studied 
in the Hydraulic Engineering Laboratory of the University. The resulting 
relationship between the discharge passing through the basin and the percent 
of sand retained in the basin is shown in Figure 3. It should be understood 
that the study from which the figure was developed was based upon a 1:2 scale 
model and that the sand used to simulate silts in the prototype situation is 
actually coarser than would be expected in most cases. Consequently, the 
relationship shown in the figure is not exact, but it does serve as a qualitative 
indication of the prototype action. The figure indicates that rates of flow 
through the prototype basin in excess of about 1 cfs. will decrease the percent of 
sand .re'ta.tned in..the basin. to .Leas ;than ·54%','91" s Ln..other 'Words,i;!'lill reduce the sane 
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trapping, desilting efficiency to less than 54%. While the efficiency value of 
is far below the desirable operational value, the maximum design rate of 
flow for the basin is therefore limited to less than 1 cfs. 
Considering the desilting function only, Fig. 1 indicates that a runoff 
area of approximately 30,000 sq. ft. contributes flow to the cat~ basin beneath 
the toe-of-slope gutter. The probable time of concentration for the area, 
considering a maximum length of flow path of about 400 ft. and an average 
'Velocity equal to 0.75 ft. per sec., is 533 sec. or about 9 min. According 
to the intensity-duration-frequency curves of rainfall intensities at Chicago 
""'developed by the hydrologic frequency .studj..es at the University of Illinois*, 
the 2-yr. design frequency for a duration of 9 min. is 4 in. per hr. 
Assuming a runoff coefficient of C = 0.80, the discharge from the drainage 
area A = 30,000 sq. ft. or 0.688 acre:..: and a design rainfall intensity I = 4.0 in. 
per hr. may be estimated by the rational formula as follows: 
Q = CIA 
= 0.80 X 4&0 X 0.688 
= 2.2 cfs. 
This figure represents the minimum expected runoff from the individual catch
 
basin drainage area when considering a 2-yr. design Etorm.
 
A runoff rate of 2 .2cfs. is well above the maximum allowable design flow
 
rate of 1 cfs. as determined from the catch basin desilting considerations.
 
For a rate of 2.2 cf's . , Ff.g, 3 shows a trapping efficiency of only about 30%.
 
As the curve in the figure indicates a sudden drop in efficiency by'increasing
 
the. discharge to above 2.5 .cf's , , a slight increase in the present rate of flow,
 
say, 0.5 cfs., would result in a trapping efficiency of only about 5%.
 
"Frequency Analysis of Hydrologic Data with SJ)ecial Application to Rainfall 
Intensities" by Ven Te Chow, University of Illinois Engineering Experiment 
Station, Bulletin Series No. 414; July 1953, p. 48. 
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It is therefore- obvious that the catch basin system (as indicated in Fig. 1) 
under consideration is unsatisfactory from the desilting viewpoint. This is true 
for the 2-yr. design rat-e of flow, and apparently also for r;ates of flow higher 
than thedesigrr frequency. 
9. Application of the Desilting Chamber to the Topic Area 
The previous article describes the fact that a combined inlet box-catch 
basin syst-em, designed to eliminate troublesome deposits in the main inter­
cepting sewer, cannot function satisfactorily with the basin interval equal 
to an average of 330 ft" as shownin Fig. 1. However J it seems- that the 
situation may be improved by either of the two alternatives,: first, to 
decrease the s-pacing,and thus reduce the ra-te of flow passing through the 
structure, or second, to redesign the system making use of structures with more 
efficient functional design. 
Satisfying the design~function by reducing the inlet interval will make 
the system operable. However, this .alternative is unsatisfactory from vie-:wpoip.ts 
of economy and effi6iency. 
Assuming, for illustrative ~urposes that a discharge of 1.0 cfs. is at 
least partiaJ:.ly_· satisfactory and considering the rainfall intensity, the runoff 
coefficient and the width of the drainage area to be constant, the rate of flow 
estimated by means of the rational formula is directly proportional to the 
length of the drainage area or the basin spacing. Therefore, the rate of flow 
through the basin may be reduced from the estimated minimunr expected runoff 
of 2.2 cfs .. to thema.ximum desigp. rate of 1 cfs .. by decreasing the basin interval 
from 330 ft. to appr-oxfmat-e'Ly 150 ft. It is noted that changing the system in 
this manner will increase the number of catch has ins to more than double the 
eXisting number and thus will raise the cost of performing the desilting function 
by more than 100%. Furthermore, the adoption of a short design interval equal 
12 
to 150 ft. voids the advantages gained by the use of high efficiency gutters 
and inlet grates. Therefore$ the alternative of decreasing the design basin 
interval is not the answer because it is a move toward' less efficient and more 
costly drainage facilities. 
The second alternative toward meeting the design desilting function is to 
develop a new system of more efficient overall characteristics. Laboratory 
inves~igation has shown that the major cause of inefficient desilting function 
in the circular catch basin is due to the formation of a nappe of flow coming 
in from the Ln.Le t , Accordingly, the structure is not capable of performing 
satisfactorily both the functions of flow interception and sediment removal. 
The most logical solution to this problem seems to be the separation of these 
two functions. This can be accomplished by the application of an inlet box­
desilting chamber design in which the inlet box is used to intercept flow only 
while the desilting chamber does the job of separating the entrained silt. 
The application of the inlet box-desilting chamber design to the topic 
area is shown in Fig. 4~ The dra~nage sub-areas applied to this design are 
the same as those for the inlet box-catch basin design discussed in Art. 7. 
Considering flow collected in the toe-of-slope gutter, the operation of the 
system is, as follows: 
Flow in the gutter passes through the grate and enters into the inlet 
box. The inlet grate removes all of the larger trash (i.e., twigs, newspapers, 
large leaves, et c . ) which is carried along by the gutter flow. Discharge from 
the inlet box consists of storm water with entrained suspended material, but 
is free from large debris which could cause stoppage in the underground system. 
The collecting sewer delivers the storm water, with its silt load, to the 
desilting chamber located at the bottom of the vertical sag of the roadway 
profile. The function of the desilting chamber is to remove all particles of 
13
 
silt which could deposit in the main intercepting sewer, at the condition of
 
the minimum design velocity in the intercepting sewer. After the removal of
 
the objectionable material in the desilting chamber, the flow passes to the
 
interceptor for final disposal, that is, by pumping the flow into the Chicago
 
River.
 
This system differs from the existing system in two respects: First,
 
catch basins }3!,re replaced by inlet boxes, and second, a desilting chamber is.
 
provided at the point of entry to the main intercepting sewer. The design and
 
,QP~ration of the inlet boxes may be ,accepted ,as readily feasible since such 
structures are now used to a great extent in drainage systems in all parts of 
the country. The desilting chamber, however, represents a new feature in this 
type of drainage. The review of literature reveals that no such structure has been 
designed for this partiCUlar purpose, and consequently, no operational data 
are available .. 
Before passing to the design consideration of the desilting chamber, some
 
comments regarding the, economic aspects of the two systems are desirable. It
 
(.' has been shown previously that catch basins must be installed at intervals of 
150 ft. in order to attain ~ desilting efficiency of higher than 50% and to 
even reasonably perform their design desilting function. According to Fig .. 1, 
the topic area includ.es two series of catch basins, one beneath the toe-of­
slope gutter and the other beneath the open ditch in the median strip.. Each 
of these series serves a length of 1,320 ft .. ' Using the required interval of 
l50 ft .. , 'each series requires 9 basins and consequently, the topic area requires 
18 catch bas Lns , Since the topic area considers only one half the total express­
way Width, 36 basins will be required between the summits of the quarter-mile 
section of the roadway. Cons fder Ing the aLternate design, Fig . .4 shows that 
12 inlet boxes are needed to inte.rcept the total flow which otherwise might he 
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by catch basins. It follows that, for no extra cost, the cost of 
desilting chamber be equal to the construction" cost of 24 catch basins
 
twelve times the difference in unit;cost of a catch basin over that of an
 
box. Assuming that the inlet box construction costs one-half of that of 
the catch basin, the desilting chamber may cost thirty times the cost of one 
catch basin in order to make the capital cost for structures in the two schemes 
equal. Actually, the total cost in this case will be still in favor of the desilting 
chamber because of the decrease in piping and i.maf.ntienance Basts in the new ays t.em. 
III. THE DESILTING STRUCTURES 
10. Desilting Chamber 
a. General - From the standpoint of operational costs, and in most cases 
from the standpoint of construction costs, it is reasonable to expect that the 
most efficient desilting operation will be that operation which treats satis­
factorily the maximum rate of system flow. In the case of highways drained 
by long continuous interceptors the maximum flow will always occur at the~"" 
intercepting outfall. Then, the logical location for the desilting chamber in 
the Expressway drainage system is immediatelyupstrealTIfrom trhevpumpfng station 
wet well. At this location, all flows may·be treated in a single structure 
and all deposited sediments may be removed at a single point. It is believed 
that such a system would lead to a maximum economy. This type of operation, 
however, imposes certain limits on the entire storm flow collecting system.. It 
is required that all the tributary sewerage be designed in such a way that the 
major deposition of sediments will occur at a single desiltingchamber, and 
also that the latter be so located that backwater and consequent· depositions 
would not occur in the intercepting sewer. Moreover, the design of the 
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ilting chamber must consider the- protection of the pumping system from
 
excessive wear and the total amount of sediment which may reach the chamber.
 
In some cases, because of flat gradients or other reasons, a single large
 
structure is not feasible and more than one desilting chamber is necessary.
 
The Congress Street Expressway represents such a case.
 
Considering the design of an inlet box-desilting chamber system, all
 
variables which enter into the operation of the system and all factors,
 
structural and hydraUlic, which affect the desilting function must be con­

sidered and evaluated. In the following portion of this article (Art. 10),
 
:",~:howe:ver, only two major hydraulic factors are discussed. These two factors 
are the design rate of flow and the design particle size of the silt. 
b. Flow Requirements for HydraUlic Design 
The design rate of flow devends upon the size of the drainage area and 
the magnitude of, the design storm frequency. Figure 4 indicates that the drain­
age area tributary to the topic area of the westbound roadways is apprOXimately 
1,320 ft. by 180 ft. Since the desilting structure will serve both the 
westbound and the eastbound roadways, the total tributary area at the vertical 
sag of the roadway profile is doubJethat of the single roadway or apprOXimately 
475,000 sq. ft. or 10.9 acres. 
Due to the fact that the flow concentrates near the center of the area,
 
the time of concentration should be based on one-half the overall ,drainage
 
area length, or 660 ft. Considering that the total path is composed of about
 
50 ft. on the turf slope, 300 ft. in the toe-of-slope gutter with longitudinal
 
slope equal to 1%, and 350 ft. in the collecting sewer on a grade equal to
 
about 0.75%, the flow path of maximum length is about 700 ft. The overall
 
average velocity is approximately 0.9 ft. per sec. This is based on assumed
 
segmental velocities of 5 ft. per min., 3 ft. per sec., and 4 ft. per sec.
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respectively for the turf slope, the toe-of-slope gutter, and the collecting' 
sewer. The length of the path of flow divided by ,the average velocity yields 
a time of concentration of about 13 min. 
As the stucture under consideration will serve a one quarter mile length 
of the entire expressway width rather than one half of a 330 ft. length of a 
single directional roadway in the case of catch basin design, frequency of 
5 years is assumed for the purpose of the flow determination. From the rain­
fall	 intensity-duration frequency curves developed for the Chicago area,* the 
5-yr. design rainfall intensity for a duration of 13 min. is about 4.2 in. per 
Assuming a runoff coefficient of C ;::: 0.80, the discharge may be estimated 
by the rational formula as follows~ 
Q=CIA 
0.80 x 4.2 x 10.9 
= '36.6 cf's . 
This	 is the design rate of flow for the desilting chamber when the detention 
effec.t of the' 'S3ystem is not cone Lder-ed, 
c. Particle Size Requirements for Hydraulic Design 
Concerning the particle size for the design of the desilting chamber, it 
is' logical to assume that the largest particle size which will he allowed to 
pass through the structure is the largest 'particle size which will be carried 
by the main intercepting sewer at the minimum design velocity. The particle 
'size generally accepted by sanitary engineers as the largest which will not 
cause trouble with respect to excessive wear on pumping ~quipment or deposition 
*	 "Frequency Analysis of -Hydrologic Data with' Special Application to Rainfall 
Intensities 11 by Ven Te Chow" University of Illinois Engineering Experimental 
Station, Bulletin Series No. 414} July 1953, p. 48 
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in prin+a;ry treatment tanks is 0 e .2 mm, According to this criterion, it is 
necessary to eliminate all particle.s greater than this a Lze :from the flow 
entering the main intercepting sewer. However, it is believed that since no 
treatment tanks .are involved, a Lar-ger size can be tolerated.. Such large size 
would have no harmf'ul effect upon the storm water pumps. The maximum particle 
size vas taken as O.5:mm. This vas determined on the basis of the c.alculated 
hydraulic capacity of the intercepting sew-eras shown in Art. 11. 
11. Intercepting Sewer 
a. General - The profile of the main intercepting sewer is shown on Fig. 5. 
Thf.s information was obtained from "Pl.ans for:Main Dr.ain ..,. Section 2425 I-D tl 
and Dr.awing No. CP 1208 .of the Department of Subways .and Superhighways of the 
City of' Ch Lcago . All pipes with size up to. 60 in. in diameter are standard 
reinforced concrete: pipes. For largerstze,e, an egg-:shapesection 8 i s adapt.ed , 
Fig. 5 shows that) at Laramie Stree.t" the se~er cross section changes from the 
r .: 
circular to an egg-ahape section with the maximm:;p. width equal to approxtma'te.Ly 
nine'itenths of t-he sewer height. The profile d,raw=!-pgs also indicate that a 
minimum slope of 0 ...0005 occurs af the dovns tz-eam end of the interceptor j where 
the-sectionis largest. A study of the hydraulic elements, capa.city .and velocity 
curves "Which have been pr.epared for·.all sections of the interceptor} confirms 
the observation that this section of the sewer on a flat slope with maximum 
croaa-s ect.LonaL'area is the critical section so far as the hydraulic transport 
capacity is concer-ned', As shown by Fig. 5" the topic area of this s tudy drains 
into the critical.section of ·the interceptor . 
., 
b. HydraUlic
, 
Characteristics- The dimensions of the 8.00 ft. x 7.20 ftc 
intercepting sewer aect.Lon of' the maximum cress-aectdons.L ar-ea are given in 
Fig. ,6. The hydraulic elements of this aect.f.en are shown on Fig.. 7.. Assuming 
.a	 roughness coef'f'Lc Lerrt of 0.0-13, the· "discharge and velocity curves .of the section 
were computed by the Manning f'ormula and are s hewn in Fig. 8. 
In large, flat-bottom sewers j relatively high velocitie.s for ,avoiding 
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depds:ition during low flows are usually secured by concentrating,the flow into 
a small, longitudinal channel or trough, known asa cunette. Referring to Fig. 
6, it is noted that .such provision is not made in the section under consideration. 
Hence, it is expected that some deposition of fine particles will take place 
during times of low flow. Figure 8 shows that in order to keep an average 
velocity of flow higher than 1 ft. per sec., the depth of flow must be main­
tained above 0.4 ft. A depth of 0.5 ft., is required to submerge the sewer invert 
as indicated by Fig. 8. The curves in Fig. 8 indicate a velocity of 1.2 ft. per 
sec. and a discharge of 340 tfs. at this depth. Obviously, the hydraulic 
characteristics of the interceptor at low flow stage could be improved tremendously 
by the installation of a low flow v-type cunette. 
Fd.gure 8 indicate.s that the 8 ..00 x 7,,20 section with a slope of 0.'1005 
can handle a maximum discharge of about 107 cf's . under the condd-t Lcn. of gravity 
flow. However, the fact that the flow from the sewer is pumped, to the Chicago 
River minimizes the': possibility of the discharge reaching this rate under normal 
operating conditions. Considering the section of the interceptor just on the 
upstream's.ide of the pumping station wet well, it is apparent that the actual 
discharge can never exceed the :sum of the disCharge rate of the .storm water 
pumps and the rate of flow contributing to the wet wellst~rage. As the suction­
well storage capacity is negligible, the maximum. rate of discharge through the 
critical section of the interceptor will be equal to the total discharge rate 
of the storm wat.er pumps" Information available at the time of this study 
indicates that the pump capacity~y'be either 50 cfs. or 150 cfs. 
For .a particular design storm, the positions of the hydraulic grade line 
for hoth pump discharge rates of 50 and 150 cfs. have been calculated by Izzard 
as shown in Fig .. 9. If the intercepting sewer is to be kept clean, and the 
load entering a grit chamber is fixed by external conditions, the load leaving 
the gritchamber must be held to a smaller amount when the interceptor cut.f'Low 
is 50 cf's , than when it is 150 cf'a. For this reason" the discharge rate of 
50 cfs. is assumed. 
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For an assumed discharge rate of 50 cfs.) the normal depth of flow in the 
intercepting sewer is 2.4 ft. Figure 10 gives the curves showing the variation 
in discharge and velocity at diff'erentdellths of flow in the sewer. The portions 
of the curves for depth less than 2.4 ft. are based on gravity flow conditions. 
Portions with depth greater than 2.4 ft. are based on the assumed fixed discharge 
of 50, cfs. The velocity curve indicates that maximum velocity through the 
section will be obtained at the depth of 2.4 ft. As the stage in the sewer 
increases) the velocity will decrease) until the sewer is flowing full, that is) 
the hydraulic grade line becomes coincident with the sewer soffit. As the grade 
line continues to rise) toward its maximum elevation of about 18 ft. above the 
gutter invert, the velocity will remain constant and equal to the rate of dis­
/() 
charge divided by the area of the flow. F~g. -12- indicates that this velocity 
is 1.09 ft. per sec. 
The flow condition described above is equally a.PIllicable to other down­
stream sections of the intercepting sewer, provided, allowance for sewer storage 
and incremental flow is properly made. Figure 4 indicates that under th~ 
design conditions the downstream 
I 
portion of the main intercepting sewer serves 
as a storage reservoir} or an extension of the pumping station wet well. The 
length of this downstream section is considerably greater than 20)000 ft. The 
minimum velocity for a discharge rate of 50 cfs.at full flow is about 1 ft. per 
sec. which will induce deposition. Since the velocity is low and the depQsition 
will take place, this portion of the intercepting sewer acts like a grit 'chamber 
but its capacity will be reduced if it functions as sUch. The principle and 
functions of the grit chamber are described in the following article. 
c. Intercepting Sewer Particle Size Determined by'Grit Chamber Principle 
The grit chamber is a structure commonly used in sanitary engineering. 
It is generally designed for two distinct functions. The first is to separate 
particles entrained in the inflow by differential or gravity settling. The 
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settling of grit and organics is said to be differential in the sense that 
grit settles faster than most of the organic particles. The second is to scour 
or sort settled solids on the floor of the chamber. The first function will be 
discussed in more detail in Appendix I. The second function is. described here, 
because this function and the related concepts are very significant in deter­
mining the maximum particle size which will be carried by the main intercepting 
sewer. 
The principle of grit chamber design was studied by Camp*. Use was made 
of the results of extensive experiments by Shields** and theoretical considera­
of certain velocity characteristics of a flowing stream. Camp's studies 
indicate that the so-called "critical velocity", or the velocity required to 
start scour of deposited materials, can be estimated by means of the following 
formula: 
V c =J~ gf (8-1) d (1) 
in which V 
c 
= critical velocity in ft. per sec. 
d = diameter of particle in ft. 
s = specific gravity of particles. 
g = gravitational acceleration. 
f = 
!
Darcy-Weisbach friction factor which may be taken as 
0.03 for grit chamber design. 
B = experimental constant found by Shields to be equal to 
about o~o4 for unigranular materials. According to 
Camp, a value of B equal to about 0.06 is a good design 
value for a sticky material like sewage grit. 
From Eq. 1 the particle size may be expressed by 
V~ f (2)
d = 8Bg(s-1) 
Applying this equation to the main intercepting sewer with V = 1 cfs. 
c 
f=O.03, B = 0.04, and S = 2.65, the maximum allowable particle size is 
found to be 
*	 "Grit Chamber DeaLgn ", by Thomas R. Camp, Sewage Works -Jour-na.L, March 1942, 
pp. 368-381. 
**	 "An Analysis of Sediment Transportation in the Light of Fluid Turbu1e~ce," 
Sedimentation Division, U. S. Soil Conservation Service, Technical 
Pllhl ication 2S. JulY 19~9 9 25 pp. 
21 
d = 
2(1,.0) (0.03 ) 
(8)(0.04)(32.2)(2.65-1) 
= 0.00177 ft. 
Expressed' in millimeters ,the maximum particle size which should be allowed 
to pass the" desilting chamber is 0.54 mm , Baaed on Eq. 1, Fig. 11 was prepared 
to show the relationhetween the critical velocity, particle size, and the 
constant B. 
In assuming a proper design value of the maximum allowable particle size, 
two assumpttons are considered as follows: 
(1) The material entrained in sewage flow is unigranular in nature; that 
is', it does not coalesce or form a flock, but retains, individual granular 
characteristics. This assumption requires a value of B= 0.04) and as shown 
in Fig. 11, it allows the acceptance of a larger particle size than might be 
justified. 
(2) The critical velocity used in thecomputa.tion is equal to the velocity 
to start. scour of particles after deposition has occured. Obvi?usly this 
assumption is conservative because additional tractive force must be available 
to move ~he particle which is at rest. The assumed velocity and the resulting 
particle size are therefore smaller than might be justified. 
Because the assumptions are approximate and they tend to compensate each 
other, a design value of 0.50 rom. may be assumed as the maximum allowable 
particle size. 
d. Intercepting Sewer Particle Size Determined by Sample Ana.IysLa-o-En an 
effort to obtain information concerning the kinds] particle sizes and specific 
gravtt.ies: of sediments that are likely to beencountere-din storm sewers', four 
,< 
samples were collected in the Champaign-Urbana area and 'eight samples were 
collected along the Calumet Expressway in the City of Chicago. 
(1) Champaign-Urbana samples --The four Champaign-Urbana sediment samples 
are obtained from highway soil deposits and from storm sewer gutters as described 
in Table 1" These samples were first dried in an oven at a temperature of 
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approximately 105°C. and were then placed in the top sieve of a nest of U.S. 
Standard sievese The nest, containing sieves numbers 4,16,40,60,80, and 120, 
was placed in a Ro-Tap shaker and sieved for 3 minutes. The weight of the 
residual sediment retained on each sieve was then determined and the percentage 
of sediment passing each sieve- was calculated. 'I'he total amount of material 
retained in sieves and in the bottom pan was compared to the total weight of 
sample used to serve -as a check on the accuracy of the sieve analysis. Base-d 
on the sieve analysi~, the size distribution curves for the Champai~n-Urbana 
-sampLes were prepared and are shown in Ff.g . 12. It is noted that over 50%­
sample exceeq.s the allowable design particle size. The percent of 
each sample exceeding the design limit of 0 .. 50 rom., or the percent of each 
sample which must be removed by desilting chamber, is shown in Table 3. 
The specific gravity of each ·of-the Champaign-Urbana sediment samples was 
determined in the following manner: A 500-~1.-graduated cylinder was filled 
with approximately 250-ml. oftJtwater.. A sample of known weight was poured into 
the cylinder anq the latt~r was shaken for 2 min?tes to expel any air trapped 
in the solids. Then the sedtment was allowed to settle and the volume of 
solids was determined. .by noting .the new water level in the cylinder. The 
weight of solids in grams divided by their volume in mI. gave numerically the 
specific gravity of the solids. 'All -tif. the Champaign-Urbana sediment samples 
had specific gravities ranging very narrowly fr:om 2.64 to 2 .. 65. 
(2) Chicago samples -- The eight sediment samples collected at Chicago 
were taken from deposits along the Caiumet Expressway, as described in 
Table 2. These samp~es were dried for several days in glass beakers in an 
o aOven set for a temperature of about 140 - 145 F. A nest of U. S. Standard 
sieves 7 Nos. 4, 16, 20, 50, 60, and 80, was used in the sieve analysis. The 
Whole sample of sediment was placed in the top sieve of the nest and was 
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TABLE ·1 
SEDlMENTSAMPLES FROM CHAMPAIGN."URBANA 
Date 
1 3/12/52 
2 
3 3/12/52 
4 3/12/52 
Place Obtained 
North of Route 150 
as it turns west off 
North Prospect Ave~ 
in Champaign. 
On Green St.. in 
Champaign, one block 
east of South Neil St. 
on road leading to 
BuilderfsSupply Co. 
Same location 
On Goodwin St. in 
Urbana, 1/2 block 
. north of Green St,;, 
just east of Goodwin 
St. and north of 
Boneyard Creek bridge. 
Weight and Type of Sample 
3 lb. sediment taken from 
curve deposit on state 
highway. 
3 lb. sediment taken from 
deposit below drive on south 
side of Green St. 
3 lb. sediment taken from 
deposits above drive on 
SQuth side of Green St. 
3 lb. sediment from gutter 
along Goodwin St • 
TABLE 2"
 
SEDIMENT SAMPLES FROM CHICAGO CALUMET EXPRESSWAY 
Place Obta1.ned Weight .and Type of Sample 
7/2/52	 Calumet Express"Way ,about 600 7.55 lb. west gutter 
feet ,south.of l30th Stre:et sw'eepings Q 
7/2/52	 Third inletS'outhof S .8."R.R. 2 ..12 lb. inlet mat.er ta.l 
on Calumet Expressway. 2 ft. 
circular .inletwith a-inch 
discharge pipe norma.1 to center 
line. 18-inchstr,a,ight s tandar-d, 
Ve.e;·gutt~rQn 0:0.34%" slope. 
7/2/52	 Shoulder mte,rial from location 3 ·39 lb. shoulder 
near .sour-ce 'of Sam,ple No.2 material' , 
7/2/ 52	 Inlet :of ~est Bide On approach 5.83 lb. inlet material 
to C~lumet River Bridge. Same 
inlet type. as in~am:ple No.2 
Uutte,r 'on 2. 7% B lope . 
7/2/52	 'Shoulder material f'rom .Locat.Lon 6.67 lb. shoulder 
near' .scurce ,of 'Sample ,No.4 mat.er-La.L 
gmft e round ml#t in 18ftO!inch 
gutter" !lind-curb .~.t M1chi~an Av-e 8 
~nd Chie~so Ro~d p ,8s1n~di~c;h§r~~ 
:pipe. Guttftr on ~r~a.~.of o~ 12 
percent o' 
SwrJ.;ple from gutter at location .4,.7; 10, .~tt~!!: mtel"i~l 
of Sam;pl." No.6. 
S.~le frO'mentr,anc$ of 8...1nch 
ettachar~ pipe 1~~;v1ng inlet 
bas ina! S,s.mple No.6" Pipe 
ole,an b-elow 'entranc.e.9 
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sieved in- the Ro-Tap shaker for.a period of 20 minutes. The 'Weight and percent 
of material passing each sieve were then determined in the usual manner. The 
specific gravity of each of the samples was dete~Ir!:ined using the procedure stated 
previously for the Champaign~Urbana samples. 
The size distribution curves for the sediment samples taken along the 
Calumet Expressway in Chicago are shown in :Figs. 13, 14, and 15. Figure 13 
shows the curves for the shoulder, gutter and inlet samplede]?ositscollected 
south of 130thStreet. Figure 14 shows the distribution curves for shoulder 
sample d.eposits collected on the approach to the Calumet Hiver Bridge. 
15 shovs the distribution curves for the gutter, inlet and dis charge 
deposits collected at Michigan Avenue iand Chicago Road.pipe sampLe 
Table 3 contains a description .of the various characteristics of all 
deposit samp.Lea, It shovs t.hat , in general, the Champaign-Urbana sediment 
samples were composed of much coarser material. than were'the Chicago sediment 
samples. The specific gravity of most samples was either 2.64 or 2.65. For 
otherv samp.Ies , such as Chicago samples No. 4 and No.6" the sediment contained 
a consLderabLe emount ior cinderJ 'Wood, and other light-weightmaterials and 
its specific gravity was less than 2.65. If the light 'Weight material were 
separated from the sample, the specific gravity or the remaining material 
"Would approach 2.65. 
The last column of Table 3 gives the percent by weight of each sample 
which exceeds the design particle size of 0.50 ram•.assumed previously. Chicago 
sample No~.-8-is ."W'orthy of- particular attention.. As des cr-Lbed in Table 2" this 
sample was taken from the inside of an 8-in. pipe which carries flow from an 
inlet box .. The deposit "Was located just downstream from the supposed location 
of the pipe entrance .area. Figure 15 indicates that 38% of this sample must be 
removed by the desilting structure. 
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TABLE 3 
CHARACTERISTICS OF SEDIMENT SAMPLES 
General Specific Median Particle Size Required 
. Description Gravity' Particle 10% of sample Removal 
Size finer than 
mm m.m % 
No.1 Shoulder Deposit 2.64 2.18 0.210 81 
Gutter Deposit 2.65 0.42 0.10 40 
Gutter Deposit 2.64 0.82 0.12 59 
Gutter Deposit 2.64 2.12 0.306 84 
Gutter Deposit 2.64 1.00. 0.16 66 
Inlet Deposit 2.65 1.02 0.16 62 
No.2 
Gb.go .No.3 Shoulder Deposit 2.67 0.34 0.16 40 
.No.4 Inlet Deposit 2.57 0.40 0.20 45 
Chgo.No.5 Shoulder Deposit 2.67 0.27 0.20 30 
Chgo.No.6 Inlet Deposit 2.40 0.60 0.16 58 
Chgo.No·7 Gutter Deposit 2.65 0.34 0..14 41 
Chgo.No.8 Discharge Pipe 2·57 0·32 0.16 38 
Deposit 
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The size distribution curves shown in Fig. 15 indicate the separating 
action performed by an inlet box, although the inlet box was not designed as 
a separation structure, and as a matter of fact only a small amount of material 
was found in the inlet. These curves show that the inlet sample is considerably 
sorting nas 
samples 
does 
12. 
coarser than the gutter deposits, and in a qualitative manner indicate that 
occurred. 
A further study of the field sediments indicates that none of the samples 
collected exhibited a sticky characteristic. The shoulder and inlet box 
were quite compact and dense, but particles showed no tendency to 
, except as caused by the natural compaction. The natural compaction 
not occur in the case of the entrained particles. This gives a further 
evidence that the unigranular assumption described in the previous article 
is acceptable. 
Sedimentation Chamber 
a. General -- The sedimentation chamber is a separation structure. From 
previous,discussions it is understood that the separation structure under 
consideration should be designed to remove particles with size equal to or 
greater than 0.50 rom. and.that the maximum design rate o.f flow, at which the 
separation takes place, is 36.6 cfs. 
The separation of detritus from storm water flow has long been a problem 
of sanitary engineers. In the case of a combined storm-sanitary sewerage 
system, the problem becomes complicated by the fact that in addition to the 
natural detritus, the entrained sol~~s are augmented by the addition of such 
odd materials as egg shells, coffee grounds, fruit seeds, ashes, and almost 
any other solid material the house-holder can wash do~n the drain. Theories 
and methods have been developed and used for the design of grit removal chamber 
in sanitary engineering. The methods by Camp and by Kivell and Lund are found 
to be very useful for the purpose of this study and hence are used to determine 
the required dimensions of the sedimentation chamber under consideration. 
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b. Design by the Camp Method - Camp*has presented the theory of gravity
 
separation for the design of settling tanks and developed the method of design,
 
for practical use. A r~sum~ of the theory and the derivation of the formulas
 
in his method	 are given in Appendix I for the convenience of reference. 
According to Camp, the smallest particle to be separated from the flow 
under ideal settling conditions in a settling tank will have a settling 
velocity expressed by 
Q QVo = A = WL 
in which	 Q = rate of flow through the tank.
 
A - surface area of the settling zone of the tank.
 
W = width of the settling zone.
 
L - length of the settling zone.
 
The value computed by this formula is the theoretical settling velocity required , 
for particle separation. 
The settling velocity of the critical particle size could 
. , 
be determined 
directly from studies of actual sediment samples. However, such studies were 
not conducted because of the time required and the lack of information concern­
ing correlation between these and the design sediments. Based on a survey of 
literature, the particle settling velocities in water for several granular 
materials of various particle diameters are listed in Table 4. Of the four 
materials listed in Table 4, the theoretical settling velocity of spheres, 
with specific gravity of 2.65, is the most conservative, because this is the 
lowest value,of settling velocity for a particle of a given equivalent diameter. 
For the imIrtediate purpose of this study, the design was based on this theo­
retical data. Figure 16 gives the theoretical settling velocity which was 
*	 '¥Bedimentation and the Design of Settling ·Tanks" by Thomas R. Camp, 
Transactions, American Society of Civil Engineers, Vol. III, 1946, 
pp. 895-936. 
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TABIE 4 
SETTLING VELOCITIES OF GRANULA..R MATERIALS 
Theoretical Settling Vel- Settling Vel- Settling Vel-Diameter 
of Settling Vel- 'oeity of Sand** oeity of Quartz ocity of Sand 
Particle ocity'of Spheres* grains*** grains**** 
T = 500 F T = 64° F T = 680 F T = 680 F 
Sp. Gr. = 2.65 Sp. Gr. = 2.65 Spa Gr. = 2.65 Sp. Gr. = 2.65 
mID/sec ft/sec mm/sec ft/sec mm/sec ft/sec mID/sec ft/sec 
100 0.328 118 0·387 98 0·322 119 0·390 
92 0·302 110 0·361 93 0·305 liO 0·360 
83 0.272 100 0.·328 85 0.279 101 0·329 
72 0.236 90 0.295 78 0.256 90 0.295 
63 0.207 79 0.269 70 0.230 80 0.263 
53 0.174 67 0.220 62 0.203 71 0.230 
42 0.138 52 0.171 52 0.171 59·5 0.195 
32 0.105 39 _Ck128 39 0.128 49 0.160 
21 0.069 23 0 .. 076 23 0.076 34.5 0.113 
0.15 15 0.049 15 0.049 15 0.049 25·9 0.085 
''7 ~,4 0.0262 7 ·9 0.<)27 
'4'.8 .0.0197 5·1 0.017 
2~5 
l.~l 
0.0125 
0.0069 
--~ 
.'.".~ 
"Sewerage and Sewage 'I'reatmerrt ", H.E. Babbitt, Sixth Edition, p . 366. 
fTGrit Chamber Des Lgn", Thomas R,. Camp, Sewage Works Journal, March 1942, 
Fig. I, p. 369. 
,1lSettling Velocities of Gravel; Sand and Silt H W"W•Rubey J American Journal 
of~BefenceJ Vol" 25; 1935) pp. 325-328 . 
liThe Transportation of Sand in Pipe Lines It M.P. ,0lBrien and R.G. Folsom, 
University of California Publication in Engineering" Vol. 3, NO·7· 1937, 
pp. 343-384. 
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prepared from the spherical particle data in Table 4. The curve in this 
figure for particle diameter ranging from 0.2 to 1.0 mID. can be represented 
by the following empirical equation: 
v = 0.33 d 0·95 (4)
o 
This is the settling velocity for particle of a given size. 
In the chamber design, the chamber velocity required for the separation 
of particles of certain given size should be equal to the settling velocity 
of particles of the given size; that is, the velocities expressed by Eqs. 
(3) and (4) should be equal, 
or ~L = 0·33 d 0·95 / 
Solving for the width, W, 
QW = --~---:"'.....--- (6)0·95 L0·33 d 
Let N L or L = NW, then
=W 
W -j Q 
- 0.33 d 0·95 N 
This equation is used to determine the width of the separation chamber for 
a particle size ~, rate of flow ~, and value of N. The length of the chamber 
is equal to NW. Considering a design value of 0.50 mm. for the critical 
particle size as determined previously, the width becomes 
(8)W = 2.42) ~ 
This equation was used to construct the family of curves in Fig. 17, which 
shows the relations between values of ~j ~, and !. 
Considering a design rate of flow of 36.6 cfs. and a value of N = 2, 
Fig. 17 gives W = 10.3 ft. and L = 2 x 10.3 =20.6 ft. which are the required 
dimensions of an effective chamber to desilt the flow properly. Camp recom­
mended the following" equation for the computation of the maximum 
31 
were computed and are 
c. 
velocity of the flow passing through the chamber: (See Art. 110) 
V _j8B g (s-l) d (1)
c f
 
2
f = 0.03, g = 32.2 ft/sec. , s = 2.65, and d = 0.50 mm. =
 
0.00164 ft., the maximum allowable velocity through the chamber is
 
Vc =j~. ~3 0 . 04 :k 3~·2: x (2.65-l) x 0.00l64
 
= 0.964 ft. pe~ sec. 
continuity, the effective depth must be 
6d = 36 · . = :3 ~ 69 rt;.,10.3 x 0.964 
imilarly,	 the required dimensions for other values of the length-width ratio
 
listed in the following table:
 
TABLE 5
 
CHAMBER DIMENSIONS DETERMINED BY TEE CAMP METHOD
 
N W L Vc d 
2 10·3 20.6 0.964 3.69 
3 8.5 25.4 0.964 4.47 
4 7·3 29·3 0.964 5.20 
Design by the Kivell and Lund Method - Kivell and Lund* have studied 
experimentally the settling rate of sands with specific gravity equal to 2.65. 
They observed the paths traced by particles of various sizes while settling 
in streams of water flowing at several velocities experienced in grit chamber· 
practice. A set of curves was prepared showing these paths and the relation 
between the depth of flow, length of flow, and average velocity for a series 
of flume tests involving sands of three sizes: Tyler mesh Nos. 100, 65 and 48. 
* "Gr I t RemovaL'", by Kivell and Lund, Water Works and Sewerage" Part II, 1941, 
p. 144. 
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Eq. 
These curves may be represented approximately by the equation~ 
6.66H 
in which	 H = depth of flow in ft.
 
L = length of flow in ft. (corresponding to the
 
length of settling zon~)
 
v = velocity of flow in ft. per sec.
 
K grit size in terms of the Tyler mesh number.
 
Expressing the grit size in terms of particle diameter d in mm., the above 
becomes 
H = 0.28 d 0·94 (~) (10)V 
By the law of continuity and the substitution of the above equation into 
(3), (Art. Ilb),the width of the chamber is 
W =: 
or	 w Q (11) 
0.28 d 0.94 L
 
L
Let N =. Wor L = NW, then 
w- Q	 ( 12) 
- 0.28 d 0.94 N 
Considering a design value of 0.50 rom. for the critical particle size, the 
width becomes 
w = 2.62 J Q/N 
Th~s equation .may be compared with Eg. (8) developed by the Camp method.
 
It is expressed by a family of curves in Fig. 18 where each curve represents
 
a specific value of N:
 
With a design value of Q = 36.6 efs. and V = 0.964 ft. per sec. J the c 
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chamber dimensions for N =2 J . 3 J .and 4 were c.omput.edand are listed in the 
follow ing tabLe: 
TABLE' 6 
CHAMBER DIMENS IONS DETERMINED BY THE KIVELL AND LUND METHOD 
N W L Vc d 
2 11.2 22.4 0.964 3·39 
3 9·2 27·6 0·964 4'.13 
4­ 7·9 31 ..6 0·964 4 ..81 
Comparing the values in Ta.ble 6 with those in Table 5, it is found that 
the re.sults are in fair agreement . Generally speaking) the chamber developed 
by the Kivell and Lund method has a larger surface area and a smaller 
effective depth than one dev.eloped by the Camp method. The Kivell and Lund 
method indicates a volume approximately 9 pm-cent greater than the volum.~ 
. . 
obtained by the Camp method. The dimensions determined byeither method 
13,atis:fy the hydraulic r-equf.r-emerrta. However j the Kivell and Lund "method 
appears to be slightly more .accurate. 
The optimum des i.gn of the effective chamber .should be b,asedalso upon 
the space allotment J and the costs of excavation.and the .mater:i,.alsof con­
struction. The aepth determined by the hydraulic requirements should be 
increased about 2 ft .. to allow for the storage of accumulated sediments. 
The optimumde,sign developed :abOve describes the settling zone of the 
sediment separation structure. It is assumed in the theory that uniform 
velocity would :exist throughout the .settling zone of the chamber. This 
assumption requires that entrance and op:tlet zones be provided respectively 
at the upstream and downstr.eamen.ds of the effective chamber length. The 
function of the upstreamzone·~s to serve as a stabilizing or transition 
"l''''''''· -, ••.:, ...•.. ".-,1':"" . ..,....., f1.
region extend.tng from the entranc.e pipe to the grit chamber. In a similar 
manner the outlet zone serves' to carry flow from the grit chamber to the 
discharge pipe in such fashion that high velocity currents do not form in 
the separation area. For the purpose of this example it is assumed that 
the entrance zone consists of a transverse rectangular channel discharging 
flow to the settling chamber through ports or over a weir extending the full 
width of the chamber. If this channel is about 6 ft. deep, a width of about 
4 ft. would be required to decrease the maximum velocity to about 1.5 ft. 
sec. A similar channel may be assumed at the outlet zone of the separation 
structure. Assuming a length-width ratio of N = 2, and a wall thickness of 
8 in. the size of the overall structure for the topic area would be approx­
imately 12 ft. 4 in. wide, 32 ft. 8 in. long, and 6 ft. 8 in. deep. 
It has been shown in Art. 9 that if the inlet box construction costs 
one-half of that of the catch basin and the structure used to deslilt the entire 
flow from tohe topic area costs less than thirty times the cost of an individual 
catch basin, then the desilting chamber would be economically feasible. 
Tentative conclusions, based on the volume of structural mate~ialrequired
 
.rtf ~
 
for the two systems, indicate that about ~-per cent less material would be 
required for construction of the des ilting chamber. It is probable that the 
reduced total excavation costs would also favor the use of a desilting 
chamber drainage system. 
13. Study of Other Separation Methods 
Upon completion of the investigation of the serilimentation chamber for 
storm water desilting use, it was apparent that the cost of such a structure 
would be quite substantial. Although it was shown that the sedimentation 
chamber has considerable economic advantage over the catch basin type system, 
it was·still believed that the cost of the desilting chamber system would be higher 
than necessary. In an effort to determine some other type of desilting system, 
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a study was made of all known designs. A summary of the results of such 
study is	 given below. It is to be noted that other desilting structures 
considered fall in the fields of either sanitary engineering or irrigation 
engineering. 
A. Desilting Structure'S Developed in Sanitary Engineering 
a. Aeration Type ~ Chamber - The principle of the aeration type 
grit	 chamber is a relatively new concept in the design of sewage treatment 
The ChicagoPwnp Company has developed a type known as the tlAer­
• A discussion of its various aspects was'presented by Kappe and 
in 1951. The principle is to introduce air into the grit chamber 
and the resulting actions are: 
Increase settling velocity by decreasing the density of the flowing 
plants. 
Degritter lT 
1. 
liquid through the introduction of air. (Refer to Eq. A5) 
2. Elimination of "short circuiting" by providing a spiral flow path 
through the chamber. 
3. _Creating sufficient floor velocity to remove organic particles 
from the settled material. 
Actions 1 and 2 are produced by introducing air weil below the water 
surface and one s ide of the chamber only. The pres ence, of.. air reduces the 
density of the mixing liquid and the feeding of'air on one side only creates 
further the rotational motion of the flow in the tank. The rotational 
motion together with the translative longitudinal flow from tank inlet to the 
outlet results in the spiral flow condition. An estimate for the type of 
grit chamber described by Kappe and Neighbor indicates that for a design rate 
of storm water flow of 36.6 cfs. considered in this study, a tank 25 ft. long, 
8 ft. wide and 4 ft. deep would be required. According to Kappe and Neighbor, 
*	 "Some New Developments in Aeration--Par.t I, Pre-Aeration and Aerated Grit Chambers," by S. E. Kappe and J. B. Neighbor, Sewage and Industrial Wastes, 
Vol. 23, No.7, July 1951, pp. 833-838. 
air may be supplied at the rate of 3 cfm. per foot of the tank. The volume 
of air required in this tank would be about 75 cfm. Comparing the aerated 
tank dimensions with the gravity settling chamber developed previously, it is 
shown that the major economy effected would be a considerable saving in 
the overall volume of the structure. Offsetting the saving in the aerated 
chamber construction is the air supply requirement, need for an electric 
control device, and increased maintenance. Based on the cursory examination 
summarized here, it is concluded that the aeration type grit chamber is not 
applicable to the present des ign problem. 
b. Micro-Straining -- Another method of particle removal which has been 
investigated is the use of a rotating screen constructed in such a manner as 
to exclude from flow those particles whose size exceeds the design limit. 
Consideration of this method indicated that costs of maintenance and control 
system features would render it impractical for use for the purpose under 
stUdy. A very recent development in the use of this so-called micro~straining 
method has appeared in the literature.* __ The structure reported is designed 
for water supply treatment, but in the future some application to desilting 
of storm water seems t.o be possible. 
B. Desilting structures Developed in Irrigation ;Engineering -- In the 
.... ~ 
field of irrigation engineering two developments are worthy of discussion. 
These were undertaken at the Bellvue Hydraulic Laboratory at ,Fort Collins, 
Colorado in an extensive series of investigations over a number of years. 
The purpose "Was to solve the problem of sedimentation,in irrigation canals. 
Cooperating in this work have been several Federal agencies and the Experiment 
Station of the Colorado Agricultural and Mechanical College. Two structures 
have been developed to remove bed load from irrigation canals at or near the 
*	 lIMicro-Straining, n by A. W. Cons oer , Engineering News -Re cor-d . 'vol. 150, 
No. 15, April 9, 1953, p. 36. 
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canal headworks. The characteristics of both structures were described by
 
Parshall* and are summarized as follows:
 
a. Riffle-Vane Deflector -- This structure consists of a series of 
curved sheet metal vanes attached to the bottom of an open channel. The vanes, 
about 10 in. high and spaced at the same distance apart, are arranged 
transversely to the direction of flow in the channel. Flowing over the vanes, 
the bed load material is separated from the flow and tends to settle imme­
diately downstream from the riffle. Each vane is formed with an unsymmetrical 
curve toward the downstream side at' the top of the' vane, t hus -producing local 
cross flow along the downstream side of the transverse riffle. The cross flow 
carries the separated bed load laterally across the channel to a point where 
it may be ejected, and either wasted, or returned to the stream which supplies 
water to the irrigation canal. Parshall described one series of laboratory 
tests as follows: 
rWhen the riffles were set in line normal to the axis of the 
canal, the ,bed load was moved laterally at 90o t owa J;,d "411e outlet ~n 
a well-defined" limited area immediately downstream from the line 
of riffles. The curvature of the riffle produced the effect which 
moved the load laterally, and the flow of water over the riffles 
resulted in a condition that maintained the bed load in a ridge 
downstream from the riffles. The action of the riffles was apparently 
independent of the depth of flow. Under maximum conditions of channel 
velocity (approximately 4 feet per second) the energy developed was 
sufficient to move large bobblestones, exceeding sizes which wou~d 
pass through a 4-inch square opening. lI 
Parshall indicated, however, that field tests of this type of structure 
have not been-too successful. The vanes are particularly susceptible to 
inefficiency caused by the interception of the floating debris in the approach 
flow. This tends to clog the structure ,and to interfere with the bed load 
*	 Parshall, Ra1l.ph L., TTModel and Prototype Studies of Sand Traps II J Transactions J 
American Society of Civil Engineers, Vol. 117, 1952, p. 204. 
Katz Ref~renoe Rac~ 
UniverSity of Illin n ' ~*"'lo' ;L~B106 NOEL ~08 N. Romine St~~~~ 
Urbana t lllil1tll8 
separating function. Another disadvantage, when applying the structure to 
the flow of storm water in subsurface conduits, is the problem of the disposal 
of the waste water and removed sediments. 
b. Vortex-Tube - Ano-ther type of structure tested at the Bellvue 
Hydraulic Laboratory is known as the vortex-tube. Parshall described this 
structure as follows: 
"The main feature of the vortex-tube sand trap, is a tube with 
an opening along the top side, laid "in the bottom of the channel at an 
angle of about 450 to the axis of flow. The elevation of the top 
edge of lip is the same as the bottom or grade of the channel. As 
the water flows over the opening, a pronounced whirling or spiraled 
;'~+"0*"c","'c""",,,	 ••~~~.~ motion is established within the tube; this motion extends 
throughout the tube length. This whirling action catches the bed 
load as it passes over the lip of the opening and carries the 
sediment to the outlet at the downstream end of the tube, where it 
is discharged into a suitable sluiceway-for disposal. ll 
Results of the tests indicated that the optimum operation of the vortex­
occurs when the velocity of flow over the tube is near the critical 
condition..: The tube was found capable of ejecting large size bed load 
and in one test a 7.5 pound cobblestone was removed successfully. 
Several vortex-tubes have been constructed and operated in the field. Parshall 
that the vortex-tube requires that a portion of the channel flow be 
in removing the trapped solids. The Bellvue tests indicated that the 
of waste flow may vary between 10 to 15% of the total flow, and 
a removal of	 90% of the bed load may be :expected. 
Both the riffle-vane deflector and the vortex-tube structures are best 
suited for channels' of moderate width. The optimum velocity for the riffle 
'Vane deflect.or is about 2 to 3 ft. per sec. while the vortex-tube requires a 
ritical velocity for best operation. Both types of structure exhibit the 
ame waste ~ater requirement Df approximately 10 to 15% of the total flow. 
arshall stated that the volume of waste water required, h_owever J is dependent 
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more on -the volume-of' material -to beremoyed than-the-totalchannel flow. 
The vortex-tube method of sediment removal appears to have some 
favorable possibilities. Further details in connection with the application 
of this method to the topic area are given in Appendix IlIa 
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APPENDIX I
 
THEORY OF GRAVITY SEPARATION
 
FOR GRIT CHAMBER DESIGN
 
The theory of gravity separation for grit chamber design is briefly 
outlined here as a convenient reference. The material presented is based 
on two papers py Thomas R. Camp entitleC!-, HGrit Chamber Design", Sewage 
Works Journal, March 1942, pp. 368-381 and rlSedimentation and the Design 
of Settling Tanks", Transactions, American Society of Civil Engineers, 
Vol. 111, 1946, pp. 895-936. 
When a particle is released in a still fluid it will move vertically 
due to gravity if its density differs from that of the fluid. The particle 
will accelerate until the frictional "drag" of the fluid approaches the 
value of the impelling force, after which the vertical velocity of the 
particle with respect to the fluid at rest will be substantially constant. 
The terminal velocity is known as the rlsettling velocityrl of the particle 
and it is of great importance in the problem of sedimentation. 
The fundamental theory of gravity separation is based on the law of 
drag first proposed by Newton,* which is ~ritten: 
2 
(Al)FD	 = Crffl ~ 
in	 which F = drag forceD
 
CD drag coefficient
 
A = projected area of the particle in the direction of motion 
fl = mass density of fluid containing the particle 
and V = relative velocity between the particle and the fluid. 
*	 "Mathematical Principles of NaturalPhilosophylT, by Sir Isaac Newton, 
Vol. 2, 1910, Sections 2 and 7. 
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The drag for a small sphere in an incompressible viscous fluid of 
infinite extent was first developed by Stokes.* Completely neglecting 
the inertia force, the Stokes equation is: 
(A2) 
in which;t = absolute viscosity of the fluid 
d = diameter of the sphere 
and V = relative velocity between the particle and the fluid. 
Comparison ofEq. A2a,nd Eq , Al reveals that, in the region of viscous 
settling, the drag coefficient is 
C = 24 
D R (A3) 
in which R is the Reynold number, Or R = 
The settling force for °a sphere due togravi:ty is 
° .•. '>(0.' (A4)F = ~Jt ~l (f~o/fyg.~.,s 
in which P = density of the particle. 
Equating the settling force from Eg. A4 to the drag force from Eq. Al 
and substituting the value of drag coefficient from Eq. A3, the settling 
velocity is found to be: 
This equation may be used to determine the settling velocity of spherical 
particles falling in a given liquid when the absolute viscosity of the 
liqUid, the diameter of the sphere and the difference between the densities 
of the particle and the liqUid are known. Experiments by numerous investigators 
indicate that the data are in good agreement with Stokes l for values of R 
• °varyang f rom 10-4 t 0 ba tou a 5.. 
* "On the Theory of the Internal Friction of Fluids in Motion, and of the 
Equilibrium and Mption of Elastic Solids", Transactions, Cambridge 
Philosophical Society, Vol. VIII, 1845, p. 287; and "Mathematical and 
Physical Papers", by Sir George Gabriel Stokes, Univ. Press, Cambridge, 
England, Vol. I, 1880, p. 75. 
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In applying the separation theory to settling tank design, an "ideal 
"basin Yt has been considered and defined by Camp as a hypothetical settling 
tank	 in which settling takes place in exactly the same manner as in a quiescent 
settling container of the same depth. Camp stated that this ideai basin with 
a rectangular form and continuous flow for unhindered settling has the 
following characteristics: 
"l.	 The direction of flow is horizontal and velocity is the same 
in all parts of the settling zone (hence, each particle of water 
is assumed to remain in the settling zone for a time equal to the 
detention period--namely,the volume of the settling zone divided 
by the discharge rate); 
2.	 The concentration of suspended particles of each size is the same 
at all points in the vertical cross section at the inlet end of 
the settling zone; and 
3.	 A particle is removed from suspension when it reaches the bottom 
of the settling zone. H 
For the purpose of the discussion, a grit chamber or any continuous 
flow basin may be considered as composed of four functional zones. These 
zones are (1) the inlet zone whose function is to present flow to the 
settling zone uniformly with respect to width, depth, .and velocity; (8) the 
pettli~g zone whose function is to provide conditions for optimum separation 
andsettlingj (3) the storage zone whose function is to store settled 
solids, without interference with the settling action, and (4) the outlet 
zone	 whose function is the conveyance of flow to the discharge conduit with­
out	 undue turbulence or short circuiting in the settling zane. It is 
apparent that the fundamental operation of a grit chamber is primarily 
dependent upon the settling zone.' The size and construction features of the 
other _zoneS2 are dependent upon size of pipe or channel entering the grit 
chamber, frequency and method of accumulated grit removal, and type and size 
of discharge conduit. 
The sketch in Fig. 19 shows an ideal settling zone with length L, 
depth H, and width W. From the first of the three characteristics of an ideal 
basin mentioned above, it is appaTent that 
Vol. LWHT = = --Q-Q 
in which T = detention time. (A6) 
Q = rate of flow through basin. 
Vol. = volume of effective settling zone. 
Since the detention time is the time during which the liquid flows 
through the settling zone of the grit chamber, it is seen from Fig. 21 that 
under conditions of ideal settling the smallest particle which will be 
separated from the flow will have a settling velocity 
- HV0--
T 
which velocity is just enough to carry the particle from the tank surface 
to the tank bottom. 
Referring to Fig. 19, it is seen that the settling path of a particle 
with settling velocity Yo is the vectorial sum of the velocity of horizontal 
translation and the velocity of settling. If the particle is at the water 
surface when entering the tank, the path of settling is A-B. If the 
particle is below the water surface, at Al fer instance, the settling path 
is Al - Bl, parallel to A-B, since respective values of Yo and Vh are equal 
in both cases. 
If, however, a particle is at the water surface on entering the tank 
and the diameter of the particle is such as to cause the settling velocity 
Vs to be less than the critical settling velocity Va' the particle of that 
size will not reach the tank bottom in the time T, and as a result, the 
particle will not be separated from the flow. This particle will be said 
to TlovershootTl the tank as shown by the path A-C. 
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Now, 
is 
",,,;,'jj'j,;';,, 
This 
for an optimum condition, the velocity should be such that the 
will not overshoot the tank, or time of flow passing through the 
just enough for the particle to settle. Then, substituting the 
T from Eq. (A6) into Eq. (A7), the settling velocity is 
(AS)Vo = -S = ~
 
LW A
 
Where A is the horizontal surface area of the tank, or
 
QA=­Vo 
indicates that the horizontal grit chamber area is theoretically 
independent of chamber depth,H~ However, the horizontal through velocity 
VH is determined as: 
v, = SLH WH 
which indicates that small values of H will result in high through velocities., 
and conseque~tly scour may take place on the surface of the grit storage zone. 
Camp suggested that Eg. 1 in Art. lIb. which is based q? the experimental 
work of Shields may be used to determine the maximum allowable through 
velocity. Use of Eqs. (1) and (A9), together with an assumed ratio of length 
to width will allow the determination of the -dimensions of the settling zone 
required to remove particles with diameter d, settling velocity Vo and 
specific gravity s . 
APPENDIX II 
THEORY OF SEDIMENT DISTRIBUTION 
The material presented in this section of the report is not to be 
considered as a treatment of all phases of -the theory of sediment-distribution. 
This section of the report is intended to provide a summary of the background 
information -which is available, and to indicate the feasibility of a functional 
approach channel design for the combined desilting structure described in 
Appendix III. 
The material in the literature concerning- sediment transportation has 
developed mostly with regard -to flow-- irrpipes, and particularly for flow 
in dredge pipes. In most cases the dredge pipe studies attempted to ascertain 
the controlling parameters applicable to friction loss or pressure=flow require~ 
ments. In these studies, the problem of sediment transportation and distribution 
which concerns the present investigation is considered only of secondary impor~ 
tance. 
A. Studies at Cornell University - In 1906, NoS. Blatch* described 
the results of an experimental investigation made at the Hydraulic Laboratory 
of Cornell UniVl;;rsity. This investigation provided information on the -laws 
which govern the flow of sand and water in pipes under pressure. The results 
were presented as a discussion of a paper by Hazen and -Harky.-)H(- The tests were 
conducted to determine the loss of head in I-in. brass galvanized iron pipe 
used to carry various degrees of concentration of 20 to 40 mesh and 60 to lOO 
TlDiscussion of ~Torks for the Purification of Water at Washington, D~ C., tr* 
by No S. Blatch, Transactions, American Society of Civil Engineers, Vol~ 57, 
1906, p. 403. 
TWorks for the Purification of Water at Washington~ D. C. J fT byA~ Hazen 
and E. Do. Har-ky, TTansactions" American Society of Civil Engineers, Vol. 57, 
1906j} p. 3.07. 
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having specific gravity of 2.64. It was found that two distinctive 
conditions of flow occurred; one was obtained at low velocities up to about 
ft. per sec., and the other at high velocities between 4 and 10 ft. 
per second. Between these two conditions of flow, a transition period occurs. 
This period is short if the sand is fine and uniform, and long if there is a 
of grades. In direct observation of the nature of flow during these 
periods, it was found that for velocities of less than about 3.5 ft. per sec.} 
the greater part of the sand was dragged along the bottom of the pipe at a 
very low velocity with practically clear water" flowing in the upper part of 
cross-section. At a velocity of about 3.5 ft. per sec. large quantities 
of sand began to be carried in suspension. It is stated that this velocity 
condition marks the point of economical transport for the sand. The change 
occurred suddenly for the fine grade of sand, while for the coarse grade, in 
which the particles differed more in size; the change became gradual. At 
high velocities, all of the sand was in suspension. 
It is interesting to note that the three stages described above corre­
spond to the low-velocity flow, the transition period, and the high-velocity 
flow. Apparently, the cause of the very high loss of head at low veloc-ities 
was due to the dragging of sand along the bottom of the pipe and to the small 
cross section available for the flow of the water. The gradual decrease in 
the loss of head in the transition period was due to the gradual suspension 
of the sand. At high velocities the loss of head due to the presence of sand 
was small because all of the sand was in."~.E?uBJ?ension. 
Results from tests using I-in. pipe were compar-ed with those obtained 
from similar dredge tests using 32 ... in. pipe lines. In the dredge experiments, 
when the velocity was allowed to rl-r-op slightlY,below 9 ft. per sec.) the cross­
section became clogged due to the settling out of the sand in the lo-werpart 
of the pipe. The -economf.ca.L velocity in the 32-in. pipe was concluded to be 
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mesh sands having specific gravity of 2.64. It was found that two distinctive 
conditions of flow occurred; one was obtained at low velocities up to about 
2-1/2 to 4 ft. per sec., and the other at high velocities between 4 and 10 ft. 
per second. Between these two conditions of flow, a transition period occurs. 
This period is short if the sand is fine and uniform, and long if there is a 
mixture of grades. In direct observation of the nature of flow during these 
periods 7 it was found that for velocities of less than about 3.5 ft. per sec., 
the greater part of the sand was dragged along the bottom of the pipe at a 
very low velocity with practically clear water flowing in the upper part of 
'~~t1:iec;ross-section. At a velocity of about 3.5 ft. per sec. large quantities 
of sand began to be carried in suspension. It is stat:ed that this velocity 
condition marks the point of economical transport for the sand. The change 
occurred suddenly for the fine grade of sand, while for the coarse grade, 'in 
which the particles differed more in size, the change became gradual. At 
high velocities, all of the sand was in suspension. 
It is interesting to note that the three stages described above corre­
spond to the low-velocity flow, the transition period, and the high-velocity 
flow. Apparently, the cause of the very high lOBS of head at low velocities 
was due to the dr.agging of sand along the bottom of the pipe and to the small 
cross section available for the flow of the water. The gradual decrease in 
the loss of head in the transition period was due to the gradual suspension 
of the sand. At high velocities the loss of head due to the presence of sand 
'was small because all.of the sand was in-::$uapension. 
Results from tests using I-in. pipe were compar-ed with those obtained 
from similar dredge tests using 32~in. pipe lines. In the dredge experiments, 
when the velocity was allowed to drop slightly below 9 ft. per s ec . , the cross­
section became clogged due to the settling out of the sand in the lower part 
of the pipe. The -economi.caL veloeity in the 32-in. pipe was concluded to be 
Th-e results of t'ests were summarized as follows: 
Diameter 
in 'inche.s' 
Velocity in ft/sec 
at which flow is 
often blocked. 
Minimum velocity 
for steady flow. 
or economical 
velocity, ft/sec. 
Velocity at 
.which·,all sand* 
is susp.ended 
ft/sec. 
1 1-1/4 3-1 / 2 8 to 9 
3 2-1/2 4 
32 6 or 7 9 14 
20 to 40mesh.s,and 
-It was concluded that:
 
As the size of the pipe inc!~~sed; the velocity required to put
 
all material in suspension also increased.
 
(2)	 The ~elocity of flow required to suspend all 20-40 mesh sand
 
material in a 32-in .. pipe line was over 9 ft. per sec.
 
B. Studies at University of California -- In 1937, Of'Brien and Folsom* 
published a report of their research at University of California concerning 
the transportation of sand in pipes. They included; in .a-ddition toa 
dLscus s Lon of the general theory involved, information about friction Loas e.s , 
minimum. permissible velocities; and economic operating conditions for dredge 
pipe lines. It was concluded that two minimum velocities were of importance 
in the flow of sand-wat.er mi.xtur-es . Thes e are: (1) the "cr f tical1l velocity 
at which the head 10s.8 y in feet, for the mixture begins to differappre'ciably 
from the head loss for clear water in the same pip.e,and (2) the1(elocity at 
which "p.lugg.l.ng" occurs J which is also referred to ,as the velo-city of impending 
clogging. The critical velocity is believed to be the velocity below which 
*	 HThe 'Pranapor-ta'tLon of Band in Pipe Lf.nes , tr by M. P. O'Brien and R. G.. 
Folsom~ University of California" Publication in Engineering, Vol. 3, 
No·7, 1937, pp. 343-384. 
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a part of the material is transported by rolling along the bottom of the 
I 
pipe. As the velocity is decreased below the critical, more and- more of the 
pipe area is obstructed by rolling sand until conditions are reached at which 
the pipe clogs. QTBrien and Folsom determined that the velocity of impending 
clogging could be expressed as a function of median sand diameter and sand 
concentration. However, they indicated that the minimum velocity nece~sary 
to keep all of given material in suspension would not produce a uniform 
distribution in the pipe. At low velocities, part of the material rolls along 
the bottom of the pipe. As the velocity is further decreased, there is a 
deposit formed on the bottom, the surface layers of which deposit, however, 
are still in motion. They suggested that the deposit reduces the effective 
area of the pipe in such a way that the actual velocity probably does not 
decrease below a certain minimum value, whereas the apparent velocity based 
on the whole pipe area may be greatly decreased. 
c. Studies at U. S. Waterways EKperiment Station - 1936, Howard* 
made an investigation at the U.S. Waterways Experiment Station in connection­
with a series of tests on 4-in. pipe, transP9rting water mixed with sand and 
gravel. In Howard's paper, an attempt was made to prove that the type of 
material to be tran_~orted and the experience of the designer should have 
more bearing on the solution of a problem than any solid-transportation 
formula then extant. 
Regarding the method of transporting the sand, Howard stated: 
"Thr-ee distinct types of transportation were found for sand and water 
mixture in pipes. The first of these was at low-veLl.:ocities, where 
practically all material was on the bottom of the pipe. A layer of sand was 
built up and the material rolled over this bed in much the same manner as 
an open flume. The second type of movement was one in which the sand layer 
that was built up at low velocities would move forward slightly and then halt, 
while other material would still move freely over the bed. This spasmodic 
movement can be termed most correctly, T1jerking,1I be.cause the material along 
the bottom moved freely one instant and was quiet the next. The third type 
"I'rarispor-t.at.Lon of Sand and Gravel in a Four-Inch Pipe, II by G. W. Howard, 
Transactions, American Society of Civil Engineers, Vol. lo4, 1939, pp. 1334­
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was one in which the material was moving over the entire cross-sectional area, 
although the greater percentage was concentrated in the lower part of the pipe.1! 
For the 4-in. pipe used in the tests, the type of movement in which the 
material is on the bottom of the pipe occurred for velocities less than 6.0 
ft. per sec. The fTjerking" movement occurred for velocities from 6.0 ft. to 
7.5 ft. per sec. The suspended motion occurred for velocities greater than 
7.5 ft. per sec. At velocities where the material is settled or concentrated 
near the bottom, there isa greater head loss per.foot of pipe than for 
slightly higher velocities, because of the constriction of the flow area. The 
minimum head loss was obtained in the Yelocity range in which the jerking 
motion.occurred .. 
In the case of dredge lines, when the velocity drops to about 14 or 15 ft. 
per sec. ina 32-in. line, or to 9 or 10 ft. per sec. in a 20-in. line, the 
sand will settle on the bottom of the pipe. In the cases of dredge operation, 
the largest quantity of material is transported in the lower third,of a pipe 
rather than along the bottom. It was concluded that all of Howard IS results 
were quantitative for a 4-in. line and were only qualitative for lines of other 
sizes. He indicated that the results should not be applied to a line of J..a:cger 
diameter "except in a qualitative way. 
a: 
In a dis cuss ion of Howard fa paper, E. ~. Dent* pointed out that in 
practical dredging operations the muds and silts are well distributed throughout 
the entire cross-section of a pipe line, whereas the sands and gravels cone-en­
trate near the bottom. 
In his closing discussion, Howard includes some diagrams shOWing the 
distribution of solids in 4-in., 20-in., and 32-in. pipes at various velocities 
*	 "Df.s cuasLon on Transportation of Sand and Gravel ;" by Elliott J. Dent, 
Transactions, American Socie~y of Civil Engineers, Vol. 104, 1939, p.1355. 
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of flow. In each case, .even ·though the velocity is sufficiently high so that
 
all of the material is in suspension, at least 60 and often 70 per cent of the
 
solids are located in the lower 25% of the pipe.
 
D. Studies at the University of Iowa - An instance of purely basic research 
regarding the problem is the work performed by Craven* at the University of 
Iowa. Craven restricted his studies to pipes flOWing full and did not consider 
the situation of pipes flowing partly full. The general case of the pipe 
. .	 tlA.UflOWing partiallYl\.was later presented by Ambrose** of the University of 
Tennessee. On the basis of ,an analysis of previous investigations and of the 
mechanics of movement, he found the theoretical primary parameters which control 
the hydraulic gradient and the geometr'yofthedeposited sediments. Craven 
attempted to set up an experimental program that would completely determine 
the	 effect ()f'thepa:ra!Il~:~er~>upOIlWPJ>CP.:'Ct:;p.~P:tg.te}:q,icgrad:ient~aspresumed 
to depend. The only variables which Gould be independently controlled over a 
continuous range of values were: the volume rate of fluid flow Q, the absolute 
volume rate of sand flow Qs, and the hydraulic gradient S, therefore, only the 
dimensionless parameters Q and S could be varied over a complete range of 
values. The experiments on the transportation of sand in pipes indicates that 
the transport phenomenon may be divided into three regions: a region in which 
the piezometric gradient is governed by the·transport discharge ratio, ~s; a 
transition region; and a region in which the piezometric gradient is independent 
Of.~s and dependent upon the properties of the flow, the roughness character­
istics of the boundary, and the critical shear of the sand. For all practical 
purposes, the first region coincides with the situation in which the sand is 
*	 tlA StUdy of the Transportation of Sand in Pipes") by J. P. Craven, Doctoral 
Dissertation, University of Iowa, 1951; also liThe Transportation of Sand 
in Pipes, I.' Full-Pipe Flow tf ,by J. P. Craven, Proceedings of the Fifth 
Hydraulics Conference, June 9-11, 1952; State University of Iowa, Studies 
in Engineering, Bulletin 34, No. 426; 1953J pp. 67-76. 
**	 liThe Transportation of Sand in Pipes, II. Free -Surface Flow 11) by H. H. 
Ambrose, Proceedings of the Fifth Hydraul:i,qsConference, June 9-11,1952, 
State University of Iowa, Studies in Engineering,Bulletin 34, No. 426, 
1953, pp. 77-88. 
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all located on the bottom of the channel and. is carried as bed load. The
 
third region coincided with the situation in which all of the sand is carried
 
in suspension and is distributed throughout the channel section, even though
 
the greater part of it may be in the lower portions of the pipe.
 
Summarizing the above studies, it can be shown that all investigators 
found that the capacity for transportation of sediments can be divided into 
three areas. The first is the case of bed movement, which exists at velocities 
less than "crLtical rt, (not to be confused with Vc ~ Jgd
c)" The second case 
of transportation capacity exists when the velocity is sufficiently greater 
t.han v'cz-Lt.Lca.L" so that all the solid material is in suspension, and the third. 
condition of transportation capacity exists as a transition between the two 
foregoing characteristic types of action. 
It may be concluded that considering pipes flowing full and with velocities 
less than the "crIt.Lca.l tr (about 7 or 8 ft. per sec.), sand and similar detritus 
will be located on the bottom or near the bottom of the flow conduit. This 
conclusion indicates that there is an excellent possibility that sediment 
distribution in the approach channel to the vortex-tube (see Appendix III) 
will be conducive to the desilting system operation. 
It should be noted that a partial investigation of the various· phases of 
the transportation of sediments in open channels was made in connection with 
this study. The extensive nature of this problem together with the question­
able applicability to the current study indicates that this material should 
not be considered as a main part of this report and hence is supplemented here 
as an appendix for the sake of reference. In case the study and design of 
the proposed desilting structure requires the consideration of a substantial 
bed load formation on the floor of the approach channel owing to the possi­
bility of the existence of such formation, further studies on theories 
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developed by Dobbins, Einstein, Gilbert, Nemenyf, , Rouse and Vanoni* 'Will be 
very considerable importance. 
llEffect of Turbulence onSedimentation ft , byW.E . Dobbins, Transactions, 
American Society of Civil EngineerS 7 Vol. 109,_1944, p. 629. 
1tThe Bed-Load Function fo~ Sediment Transportation in Open Channel Flo-w lT 
by H. A. Einstein, U. S. Department of Argiculture, Technical Bulletin 
No. 1026, September 1950. 
tlTransportation of Debris by Running Water, It by G.C. Gilbert, U.S. 
Geological Survey, Professional Paper 86, 1914. 
TIThe Different Approaches to the Study of Propuls ion of Granular Materials 
and the Value of their Coordination", by P. Nemenyi, 'I'ransactdons , American 
Geophysical-'Union, ~ 1940 j Pt. II, p. 633. 
YfModern Conceptions of the Mechanics of Fluid Turbulence", Transactions, 
American Society of Civil Engineers, by Hunter Rouse, Vo.L; 102, 19377 
p. 463· 
tiSome Experiments on the Transportation of Suspended Load,H Transactions, 
American Geophysical Union, 1941, p. 608, and I1Transportation of Suspended 
Sediment by Water fl, by V.A. Vanont , Transactions, American Society of 
Civil Engineers, Vol. Ill, 1946, p. 67. 
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APPENDIX III 
EVOLUTION OF A POSSIBLE KINETIC-SEDIMENTATION 
TYPE DESILTING STRUCTUP~ 
Considerations presented earlier in this report indicate that the cost 
desilt the storm water flow developed from the topic area by sedimentation 
chambers is higher than should he expected. Later studies indicate that a 
"',',i"'''"'''''''"", vortex-tube method of removing bed load might be an acceptable procedure ~ if 
waste water requirement would not exist. ,Further study on this matter 
-
has resulted in a possible combined type of structure which takes the 
advantage of the desirable features of both·types of structures and eliminates 
the undesirable features. 
Reference to Fig. 22 shows that the size of the sedimentation chamber, 
and hence the cost, is proportional to the rated-f flow through the chamber. 
If some method could be .developed for cencentinatdng. the sediments of inflow 
in a smaller flow rate, the construction cost of the sedimentation chamber 
would be substantially reduced. The study of the vortex.;;tube indicates 
the possibIlity of such sediment ccmcentration. It is believed that with 
proper irmta.JJ..ation, the vortex-tube1ITBiY be us-ednot only to concentrate 
the flow sediments, but also to separate, by kinetic means, that portion of 
flow whf.ch requires treatment from the total flow. This concept was applied 
to the topic area problem to develop a possible kinetic~sedimentationtype 
structure which is descrihed in the following articles. 
A. The Proposed System 
The tentative design of the kinetic-sedimentation type structure is 
shown. by a schematic drawing in Fig. 20, in which the junction chamber is 
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<:~ U§):;i;,,"	 identical in function with the junction chamber shown in Fig. 4. The function 
of the different parts of the proposed structure may be studied by tracing 
the path of flow through the structure. First the surface runoff from the 
topic area is conducted through sewers to the junction box. The junction box 
combines the flows from the north and south portions of the roadway and intro­
duces the resulting flow to the approach channel of the desilting structure. 
The entrance to the approach channel should include a suitable transition 
so as to cause smooth flow conditions to develop in the channel as soon as 
possible. The function of the approach channel is to allow sufficient time 
,,····,forthe equilibrium condition of sediment dLst r-Lbut.Ion to prevail. This 
will cause the major concentration of the entrained sediments to be collected 
on or near the bottom of the channel. After the optimum condition of sedi­
ment distribution is established j the flow passes over the vortex-tube. The 
action of the vortex-tube is to separate the bed-load, and major portion of 
the saltation load, from the total flow. Effluent from the vortex-tube is 
passed to the sedimentation chamber, where final separation of the entrained 
sediments is accomplished by gravity separation. The effluent fr0m the sedi­
mentation chamber, together with the flow in the approach channel which has 
passed over the vortex-tube, is conducted to the main intercepting sewer 
through a drop manhole. 
B. Critical Design Elements 
A study of the various functions of the entire desilting structure 
results in the following critical design elements. 
a. The Approach Channel -- The major function of this channel is to 
allow concentration of sediments nearvthe bottom of the channel. This 
action happens most favorably under conditions of low translative'velocities 
55 
and shallow depths. It is also the function of the approach channel to 
supply the flow to the vortex-tube in such manner that the tube may operate 
with the maximum efficiency. Parshall has stated that the vortex-tube 
operates most satisfactorily under conditions of near critical depth. 
However, it is noted that this condition is not advantageous when the sediment 
concentration function is considered. Figure 21 shows the design curve for 
the various combinations of approach channel dimensions considering the 
topic _area flow ra~e and critical depth. 
o. The Vortex-Tube -- The action of the vortex-tube in separating 
c"~	 ··entrained aediraerrt load from the total channel flow can .only be discussed in 
a general manner~ because informatlion~inliteratureregarding the precise 
action of the tUbe, size of the tube required and exact percentage of the 
total flow intercepted by the tube is not available. The head discharge 
rela~ionships for vortex-tubes of different sizes under various flow rates 
are also unknown. However, Parshall did mention that the vortex-tube 
efficiency in moving bed load should be approximately 90%, and that the 
use of water by the tube is between 10 and 15% of the total flow. For 
tentative consideration) a water use factor of 20% may be assumed. Owing 
to the lack of design inf.ormation,e.ven a tentative selection of the tube 
size would be very difficult. 
c. The Sedimentation Chamber The sedimentation chamber shown as a
 
part of the proposed scheme in Fig. 20 represents a tentative design which
 
is based upon data des cribed earlier in this report. Assuming a water use
 
'factor of 20% for the satisfactory operation of the vortex-tubB, the rate
 
of flow passing through the sedimentation chamber is found to be 36.6 x
 
20% = 7.3 cfs. Considering a length-wid.th ratio of N = 2, the design
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curve in Fig. 18 shows that a theoretical chamber required is about 5 ft~ 
wide and 10 ft. long. With.a maximum allowable through velocity of 0.964 ft. 
per sec., the effective depth of the chamber is about 1.5 ft. Adding 2 ft. 
to the depth for sediment storage, the total depth becomes 3.5 ft. Assuming 
a length of 2 ft. for the entrance channel and wall thickness of 6 in., the 
overall length is 13.5 ft. The overall tentative dimensions of the sedi­
mentation chamber with slab thickness of 6 in. are 6 ft. wide, 13.5 ft. long 
and 4.0 ft. deep. 
From the preceding discussion it is realized that the practical feasi .... 
bilityof the combined system is dependent upon two particular qualifications 
as follow: 
1) The favorable sediment distribution in the approach channel. 
2) The ability of the vortex-tube to intercept all of the sediment 
particles witA size equal to or gre~ter than the design minimum value. 
A'r,eview of various phases of the sediment distribution problem is given 
in Appendix II for further study and reference. 
c. Proposed Laboratory Investigation 
It is believed that the combination of vortex-tube and sedimentation 
chamber isa feasible type of system. Based upon theoretical considerations 
and information in literature there appears to be great possibility that a 
vortex-tube type structure can be applied satisfactorily to treat storm 
sewer flows. 
It has been indicated that the successful operation of the vortex-tube 
is -primarily dependent upon the di.stributIhon :ofs-ediments in the approach 
channel. It follows that laboratory activity should fir.st be directed toward 
the compilation and investigation of all existing information and pertinent 
data concerning sediment distribution in pipes and channels , where the bed 
load 'movement does not occur. The study should be supplemented, if possible, 
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with the determination of sediment distribution and concentration data from 
existing Hewers. 
As the vortex-tube was d€veloped primarily for the removal of bed load, 
it is proposed that laboratory tests of the structure be conducted to 
determine the design and efficiency of the tube when operating for the removal 
of saltation load, or when, as in the present problem, the ¢ajor portion of 
the solid material presented to the structure is in suspension. 
In case the laboratory tests indicate that the vortex-tube will operate 
properly only for-the-removal of-hed---load, but not satisfactorily for load 
suspension, and that the development of a suitable structure for the removal 
of both types of load is not probable, it is suggested that further studies 
on sediment distribution be made. The purpose of" thes8'- stud-iea should be to 
determine whether it is possible or not to Gonvert the load in sl1spension to 
the bed load by altering'the hydraulic features of the structure, such as 
by varying the' cpt.rmunr slope of' the approach channel, etc. 
Upon completion of:v-:arious phases of the study mentioned above, it is 
propos-ed that tests of largescale'm:odelofvarious components of the combined 
desilting structure be conducted to determine their best designs. This 
investigation should result in a series of design criteria and standards 
, which -w'ould make possible a rather comprehensive preliminary pr-otot.ype design. 
After prototype design criteria and standards are developed, it would 
become po-ssible to cooperate with the design engineers of the Illinois 
Division of Highways to develop'an inital prototype design for a particular 
site. -, Upon compLet Lon of this final design, either a full scale, or a near 
full scale, model should be built and tested throughout the design range of 
discharge, particle size, and inflow sediment concentration. 
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It would be most desirable, if not essential, to construct in the field, 
a prototype structure with proper instrumentation to verify and extend the 
model testing data. Such a structure should be placed under continuous 
observation in order that long term operating characteristics and. maintenance 
costs might be- obtained. Only after the structure has been in operation for 
several years may final evaluation of all of the aspects of the structure be 
made possible. 
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FIGURE 21-DESIGN CHART FOR APPROACH CHANNEL DIMENSIONS 
